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According to one embodiment, a semiconductor device
includes a drift layer. The device includes a base layer. The
device includes a source layer selectively provided on a sur-
face of the base layer. The device includes a gate electrode
provided via a gate insulating film in a trench penetrating the
source layer and the base layer to reach the drift layer. The
device includes a field plate electrode provided under the gate
electrode in the trench. The device includes a drain electrode
electrically connected to the drift layer. The device includes a
source electrode. The field plate electrode is electrically con-
nected to the source electrode. An impurity concentration of
a first conductivity type contained in the base layer is lower
than an impurity concentration of the first conductivity type
contained in the drift layer. And the impurity concentration of
the first conductivity type contained in the drift layer is not
less than 1x10%6 (atoms/cm?).
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1
SEMICONDUCTOR TRANSISTOR DEVICE
AND METHOD FOR MANUFACTURING
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/239,248, filed Sep. 21, 2011, which is based upon
and claims the benefit of priority from the prior Japanese
Patent Application No. 2011-068275, filed on Mar. 25, 2011;
the entire contents of which are incorporated herein by refer-
ence.

FIELD

Embodiments described herein relate generally to a semi-
conductor devise and a method for manufacturing the same.

BACKGROUND

Since a rate of a channel resistance in an on-resistance has
been high in a MOSFET (Metal Oxide Semiconductor Field
Effect Transistor) with a trench type gate structure, a channel
density has been increased by miniaturization etc. to thereby
achieve reduction of the on-resistance. When reducing the
on-resistance is achieved to some extent by increasing the
channel density, next, reducing a resistance of a drift layer has
been required.

MOSFET structures to achieve reduction of the resistance
of the drift layer include a field plate structure (hereinafter
also represented as an FP structure), a super junction structure
(hereinafter also represented as an SJ structure), etc. Since a
depletion layer formed in the drift layer can be extended more
widely using any structure, an impurity concentration in the
drift layer can be made high, and further, a high breakdown
voltage can be obtained. In addition, when this kind of MOS-
FET is an n-channel type element, generally, an n-type impu-
rity is contained in the drift layer, and a p-type impurity is
contained in a base layer in which a channel is formed.

However, when an n-type impurity concentration con-
tained in the drift layer becomes not less than a certain con-
centration, a mobility of the drift layer may decrease rapidly.
Additionally, in this kind of MOSFET, the p-type impurity
larger in amount than the n-type impurity is injected on a
surface of the drift layer, and the base layer difterent from the
drift layer in a conductivity type is formed on the surface of
the drift layer. Hence, in the base layer, originally contained is
substantially the same amount of n-type impurity as the
amount of n-type impurity contained in the drift layer.
Accordingly, in an example of the n-channel type MOSFET,
there is a possibility that an n-type impurity concentration
contained in the base layer affects a resistance of the channel
formed in the base layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic views of a semiconductor
device according to the first embodiment;

FIGS. 2A to 4B are cross-sectional schematic views for
explaining a method for manufacturing a semiconductor
device;

FIGS. 5A and 5B are schematic views of a semiconductor
device according to a reference example;

FIG. 6 is a graph showing change of a mobility in the
channel when the n-type impurity concentration contained in
the base layer in the first embodiment is changed;
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FIG. 7 is a graph for explaining a relation between an
impurity concentration contained in a silicon crystal layer and
a mobility; and

FIG. 8 is a cross-sectional schematic view of a semicon-
ductor device according to a second embodiment, and an
impurity concentration profile.

DETAILED DESCRIPTION

In general, according to one embodiment, a semiconductor
device can include a drift layer of a first conductivity type.
The device can include a base layer of a second conductivity
type provided on the drift layer. The device can include a
source layer of a first conductivity type selectively provided
on a surface of the base layer. The device can include a gate
electrode provided via a gate insulating film in a trench pen-
etrating the source layer and the base layer to reach the drift
layer. The device can include a field plate electrode provided
under the gate electrode in the trench. The field plate electrode
is provided via a field plate insulating film in the trench. The
device can include a drain electrode electrically connected to
the drift layer. The device can include a source electrode
electrically connected to the source layer. The field plate
electrode is electrically connected to the source electrode. An
impurity concentration of the first conductivity type con-
tained in the base layer is lower than an impurity concentra-
tion of the first conductivity type contained in the drift layer.
And the impurity concentration of the first conductivity type
contained in the drift layer is not less than 1x10'° (atoms/
cm?).

Embodiments will now be described with reference to the
drawings. In the following description, like reference numer-
als are marked with like members, and a description of the
members having been described once is omitted as appropri-
ate.

First Embodiment

FIGS. 1A and 1B are schematic views of a semiconductor
device according to the first embodiment, and FIG. 1A is a
plan schematic view, and FIG. 1B shows a cross-sectional
schematic view in an X-Y position of FIG. 1A, and an impu-
rity concentration profile.

The impurity concentration profile shown on a right side of
the cross-sectional schematic view of the semiconductor
device shows n-type impurity concentrations in a base layer,
a drift layer, and a drain layer along an A-B line of the
cross-sectional schematic view.

A semiconductor device 1 according to the first embodi-
ment is a MOSFET with a trench gate type structure. As the
MOSFET, an n-channel type MOSFET is illustrated as one
example.

The semiconductor device 1 has an n*-type drain layer 10,
and an n-type drift layer 11 is provided on the drain layer 10.
A p-type base layer 12 is provided on the drift layer 11. An
n*-type source layer 13 is selectively provided on a surface of
the base layer 12. A p-type contact layer 15 is selectively
provided on the surface of the base layer 12 so as to be
adjacent to the source layer 13. A p-type impurity concentra-
tion contained in the contact layer 15 is higher than a value
obtained by subtracting an n-type impurity concentration
from a p-type impurity concentration contained in the base
layer 12. The contact layer 15, for example, functions as a
hole extraction layer for maintaining high avalanche resis-
tance.

In the semiconductor device 1, a gate electrode 22 is pro-
vided via a gate insulating film 21 in a trench 20 that pen-
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etrates the source layer 13 and the base layer 12 to reach the
drift layer 11. In the trench 20, a field plate electrode (buried
electrode) 26 is further provided via a field plate insulating
film 25. The field plate electrode 26 is located under the gate
electrode 22.

The trench 20 and the source layer 13 are arranged in a
striped manner when viewed from a direction perpendicular
to a major surface of the drain layer 10. A pitch of the trenches
20 in a direction substantially perpendicular to a direction
where the trenches 20 extend in the striped manner (a direc-
tion where the plurality of trenches 20 are periodically
arranged) is, for example, not more than 1.5 pm. That is, an
another field plate electrode 26 is provided in another trench
20 which penetrates the source layer 13 and the base layer 12
to reach the drift layer 11, and the pitch between the field plate
electrode 26 and the another field plate electrode 26 in a
direction substantially perpendicular to a direction where the
field plate electrode 26 extends in the striped manner is not
more than 1.5 um.

In the semiconductor device 1, a drain electrode 50 is
connected to the drain layer 10. As a result of this, the drain
electrode 50 is electrically connected to the drift layer 11. A
source electrode 51 is electrically connected to the source
layer 13 and the contact layer 15. The field plate electrode 26
is electrically connected to the source electrode 51.

The n-type impurity concentration contained in the base
layer 12 is lower than an n-type impurity concentration con-
tained in the drift layer 11. The n-type impurity concentration
contained in the drift layer 11 is not less than 1x10'° (atoms/
cm®). In the embodiment, the n* type and the n type may be
used as a first conductivity type, and the p-type as a second
conductivity type. There are included arsenic (As), phospho-
rus (P), etc. as impurities of the first conductivity type. In the
embodiment, arsenic (As) with a lower diffusion coefficient
in a high-temperature state is preferentially used. There are
included boron (B), etc as impurities of the second conduc-
tivity type.

A main constituent of the drain layer 10, the drift layer 11,
the base layer 12, and the source layer 13 is, for example,
silicon (Si). A main constituent of the gate electrode 22 and
the field plate electrode 26 is, for example, polysilicon (poly-
Si). A material of the gate insulating film 21 and the field plate
insulating film 25 is, for example, silicon oxide (SiO,).

In the semiconductor device 1, a capacity between the gate
and the drain is reduced since the field plate electrode 26 is
provided under the gate electrode 22. In addition, since an
electric field easily concentrates also on a bottom of the trench
20, electric field concentration on an interface between the
base layer 12 and the drift layer 11 is mitigated. Further, since
the field plate electrode 26 is provided, a depletion layer
formed in the drift layer 11 easily extends. As a result of this,
the semiconductor device 1 has a high breakdown voltage. In
the semiconductor device 1, even if the n-type impurity con-
centration contained in the drift layer 11 is set to be not less
than 1.0x10"¢ (atoms/cm?), it is possible to deplete the whole
drift layer 11.

As described above, in the semiconductor device 1, the
field plate electrode 26 is provided, and the n-type impurity
concentration contained in the drift layer 11 is set to be high.
Thereby, the semiconductor device 1 holds the high break-
down voltage. Further, the semiconductor device 1 has the
drift layer 11 with a low resistance.

A method for manufacturing the semiconductor device 1
will be described. FIGS. 2A to 4B are cross-sectional sche-
matic views for explaining a method for manufacturing a
semiconductor device.
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First, as shown in FIG. 2A, a semiconductor stacked body
19A including the drain layer 10, the drift layer 11, and a
low-concentration drift layer 11a is prepared. The drift layer
11 is provided on the drain layer 10, and the low-concentra-
tion drift layer 114 is provided on the drift layer 11. An n-type
impurity concentration contained in the drift layer 11a is
lower than the n-type impurity concentration contained in the
drift layer 11. The n-type impurity concentration contained in
the drift layer 11 is not less than 1x10'® (atoms/cm?).

Inthe semiconductor stacked body 19A, the drain layer 10,
the drift layer 11, and the drift layer 11a are formed by
epitaxial growth.

Next, as shown in FIG. 2B, a p-type impurity is ion-in-
jected in the drift layer 11a. As a result of this, a semiconduc-
tor stacked body 19B including the drain layer 10, the drift
layer 11 provided on the drain layer 10, and the base layer 12
provided on the drift layer 11 is prepared.

In the semiconductor stacked body 19B, since the n-type
impurity concentration contained in the drift layer 11a is
lower than the n-type impurity concentration contained in the
drift layer 11, the n-type impurity concentration contained in
the base layer 12 is lower than the n-type impurity concen-
tration contained in the drift layer 11.

Next, as shown in FIG. 2C, a mask member 80 is selec-
tively formed on the surface of the base layer 12, and etching
process is performed on the semiconductor stacked body 19B
opened through the mask member 80. The etching is RIE
(Reactive Ion Etching). Thereby, the trench 20 that penetrates
the base layer 12 to reach the drift layer 11 is formed.

Next, as shown in FIG. 3 A, the field plate insulating film 25
is formed in the trench 20 by thermal oxidation. Subse-
quently, the field plate electrode 26 is formed in the trench 20
by CVD (Chemical Vapor Deposition) via the field plate
insulating film 25. The field plate electrode 26 is buried in the
trench 20, and it is formed also on the base layer 12.

Next, as shown in FIG. 3B, etch back is performed on the
field plate electrode 26. Thereby, the field plate electrode 26 is
adjusted to have a predetermined height. In addition, the field
plate insulating film 25 is removed at a portion above the field
plate electrode 26 by the etch back.

Next, as shown in FIG. 4A, in the trench 20, the gate
insulating film 21 is formed on the field plate electrode 26 by
thermal oxidation. Subsequently, in the trench 20, the gate
electrode 22 is formed by CVD via the gate insulating film 21.
Etch back is performed on the gate electrode 22 if needed, and
thereby the gate electrode 22 is adjusted to have a predeter-
mined height. After this, the extra gate insulating film 21
formed on the base layer 12 is removed.

Next, as shown in FIG. 4B, a mask member 81 that covers
the base layer 12 and the gate electrode 22 is formed. A part
of the base layer 12 adjacent to the trench 20 is opened
through the mask member 81. Subsequently, the n-type impu-
rity is ion-injected on the surface of the base layer 12 opened
through the mask member 81. Thereby, the source layer 13 is
selectively formed on the surface of the base layer 12 so as to
be in contact with the gate insulating film 21. In addition, if
needed, the contact layer 15 may be selectively formed on the
surface of the base layer 12 by ion implantation so as to be
adjacent to the source layer 13. Subsequently, the mask mem-
ber 81 on the gate electrode 22 is made to remain as an
interlayer insulating film, and the extra mask member 81
other than on the gate electrode 22 is removed.

After this, as shown in FIG. 1B, formed are the source
electrode 51 electrically connected to the source layer 13 and
the field plate electrode 26, and the drain electrode 50 elec-
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trically connected to the drift layer 11. The semiconductor
device 1 is formed by the above-described manufacturing
processes.

An operational advantage of the semiconductor device 1
will be described illustrating a semiconductor device accord-
ing to a reference example.

In the semiconductor device 1, for example, when a pitch
of the trenches 20 is 1.5 pm, the device has a breakdown
voltage not less than 35 V in a case where the n-type impurity
concentration contained in the drift layer 11 is 1.0x10'° (at-
oms/cm>). When the pitch of the trenches 20 is made smaller
than 1.5 pum, the breakdown voltage is maintained even
though the n-type impurity concentration contained in the
drift layer 11 is made further higher.

However, when the n-type impurity concentration con-
tained in the drift layer 11 is set to be not less than 1.0x10*¢
(atoms/cm®), a mobility in the drift layer 11 begins to
decrease although the breakdown voltage is maintained. As
one of main causes of the decrease of mobility, it is considered
that when the impurity concentration of the drift layer 11
becomes too high, carriers are not easily scattered due to the
impurity.

FIGS. 5A and 5B are schematic views of a semiconductor
device according to a reference example, and FIG. 5A shows
a cross-sectional schematic view and an impurity concentra-
tion profile, and FIG. 5B is a graph showing change of a
mobility in a channel when an n-type impurity concentration
contained in a base layer is changed.

The impurity concentration profile shown on a right side of
the cross-sectional schematic view of the semiconductor
device shows n-type impurity concentrations in the base layer
12, the drift layer 11, and the drain layer 10 along an A-B line
of the cross-sectional schematic view.

A semiconductor device 100 according to the reference
example is a MOSFET with a trench gate type structure. The
semiconductor device 100 is an n-channel type MOSFET,
and includes the field plate electrode 26. In the semiconductor
device 100, the base layer 120 is formed by ion-implanting on
a surface of the drift layer 11 with a uniform impurity con-
centration. The drift layer 11 is formed by epitaxial growth.
Hence, as shown in FIG. 5A, an n-type impurity concentra-
tion contained in the base layer 120 is substantially the same
as the n-type impurity concentration contained in the drift
layer 11.

In the n-channel type MOSFET, generally, an on-resis-
tance of the drift layer 11 is inversely proportional to a mobil-
ity and a carrier density. In addition, since a carrier density
and an amount of n-type impurity are considered to be the
same as each other in a high-concentration n-type semicon-
ductor layer, such as the drain layer 10, an on-resistance tends
to decrease when the impurity concentration is increased.

However, the carriers within the channel formed in the base
layer 12 are minority carriers in an inversion layer. An amount
of the minority carriers is determined by a thickness of the
gate insulating film 21, a voltage applied to the gate electrode
22, etc. The amount of the minority carriers does not depend
on the n-type impurity concentration contained in the base
layer 12. Accordingly, in the channel formed in the base layer
12, there is a case where a density of the carriers does not
change, and only a mobility decreases even though the n-type
impurity concentration increases. Namely, when the n-type
impurity concentration contained in the base layer 12 is too
high, there is a possibility that not only the resistance of the
drift layer 11 but also a resistance of the channel increase.

In FIG. 5B, change of the mobility in the channel is shown
when the n-type impurity concentration contained in the base
layer is changed. FIG. 5B was obtained by a simulation.
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A distance (um) in a lateral direction in the base layer 120
is shown in a horizontal axis of FIG. 5B. The distance (um) in
the lateral direction is a distance from a boundary A' between
the trench 20 and the drift layer 11 to a position B. A vertical
axis of FIG. 5B shows the mobility (cm?/V s).

A line A is an example where the n-type impurity concen-
tration is 1.0x10*9 (atoms/cm?®). A line B is an example where
the n-type impurity concentration is 8.0x10*® (atoms/cm®). A
line C is an example where the n-type impurity concentration
is 2.0x10'7 (atoms/cm®). An impurity concentration con-
tained in the base layer 120 in the each line is set so that a
threshold voltage value is the same as each other.

From FIG. 5B, it can be seen that the mobility of the
channel formed in the base layer 120 becomes lower as the
n-type impurity concentration becomes higher. Namely,
when the n-type impurity concentration contained in the base
layer 120 is too high, the mobility of the channel becomes
low.

In contrast with this, FIG. 6 is a graph showing change of a
mobility in the channel when the n-type impurity concentra-
tion contained in the base layer in the first embodiment is
changed. FIG. 6 was obtained by a simulation.

A horizontal axis of FIG. 6 shows a distance (um) in a
lateral direction of the base layer 12. The distance (um) in the
lateral direction is a distance from the boundary A' between
the trench 20 and the drift layer 11 to the position B in the base
layer 12. A vertical axis of FIG. 6B shows the mobility (cm?/
V-s).

Aline D in FIG. 6 is an example where the n-type impurity
concentration contained in the drift layer 11 is 2.0x10"'7 (at-
oms/cm®), and where the n-type impurity concentration con-
tained in the base layer 12 is 1.0x10'® (atoms/cm®). A line E
is an example where the both n-type impurity concentrations
contained in the drift layer 11 and the base layer 12 are
respectively 1.0x10'® (atoms/cm?®). A line F is an example
where the both n-type impurity concentrations contained in
the drift layer 11 and the base layer 12 are respectively 2.0x
10'7 (atoms/cm?®).

It can be seen that the line D and the line E are substantially
overlapped with each other. This is because the n-type impu-
rity concentration contained in the base layer 12 is the same in
the line D and in the line E. However, when the n-type impu-
rity concentration contained in the base layer 12 is increased
as in the case of the line F, the mobility of the channel
decreases.

Meanwhile, even when the n-type impurity concentration
contained in the base layer 12 is the same in the line D and in
the line E, a resistance of the drift layer 11 decreases in the
line D in which the n-type impurity concentration contained
in the drift layer 11 is increased as compared with the line E.
In other words, even though the n-type impurity concentra-
tion contained in the drift layer 11 is increased as in the case
of'the line D, if the n-type impurity concentration contained in
the base layer 12 is set to be lower than the n-type impurity
concentration contained in the drift layer 11, the mobility
becomes the same as in the case of the line E in which the both
impurity concentrations in the drift layer 11 and in the base
layer 12 are low.

In the embodiment, in a case where the n-type impurity
concentration contained in the drift layer 11 is not less than
1.0x10'® (atoms/cm?), the n-type impurity concentration
contained in the base layer 12 is set to be lower than the n-type
impurity concentration contained in the drift layer 11. As a
result of this, the mobility of the channel does not decrease,
and increase of the channel resistance can be suppressed.

When the n-type impurity concentration contained in the
drift layer 11 becomes smaller than 1.0x10'¢ (atoms/cm®),
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there is a case where the on-resistance of the drift layer 11
decreases. Accordingly, it is preferable that the n-type impu-
rity concentration contained in the drift layer 11 be not less
than 1.0x10"® (atoms/cm?®).

FIG. 7 is a graph for explaining a relation between an
impurity concentration contained in a silicon crystal layer and
a mobility. In FIG. 7, shown is one example of the relation
between the impurity concentration contained in the silicon
crystal layer and the mobility (Refer to E. F. Labuda and J. T.
Clemens, “Integrated Ciruit Technology”, in R. E. Kirk and
D. F. Othmer, Eds., Encyclopedia of Chemical Technology,
Wiley, N.Y., 1980).

A horizontal axis of FIG. 7 shows the impurity concentra-
tion (atoms/cm>), and a right vertical axis shows the mobility
(cm?/V-s). 1, is a relation between an n-type impurity con-
centration and the mobility, and p, is a relation between a
p-type impurity concentration and the mobility. As can be
seen from FIG. 7, the mobility is substantially constant in a
range where the impurity concentration is smaller than 1.0x
10*° (atoms/cm®). The mobility begins to decrease gradually
in a range where the impurity concentration is 1.0x10"'° (at-
oms/cm?) to 1.0x10"° (atoms/cm®). When the impurity con-
centration becomes larger than 1.0x10'° (atoms/cm?®),
decrease in the mobility is saturated.

Accordingly, in the embodiment, the n-type impurity con-
centration contained in the drift layer 11 may be setto bein a
range not less than 1.0x10"° (atoms/cm®) and not more than
1.0x10"° (atoms/cm?®). The n-type impurity concentration
contained in the base layer 12 may be set lower than the n-type
impurity concentration contained in the drift layer 11 in the
range not less than 1.0x10'¢ (atoms/cm®) and not more than
1.0x10"° (atoms/cm?®).

Second Embodiment

FIG. 8 is a cross-sectional schematic view of a semicon-
ductor device according to a second embodiment, and an
impurity concentration profile.

The impurity concentration profile shown on a right side of
the cross-sectional schematic view of the semiconductor
device shows n-type impurity concentrations in a base layer,
a drift layer, and a drain layer along an A-B line of the
cross-sectional schematic view.

A semiconductor device 2 according to the second embodi-
ment is a MOSFET with a trench gate type structure. As the
MOSFET, an n-channel type MOSFET is illustrated as one
example. The semiconductor device 2 includes a super junc-
tion structure.

The semiconductor device 2 has the drain layer 10, and the
drift layer 11 is provided on the drain layer 10. The base layer
12 is provided on the drift layer 11. The source layer 13 is
selectively provided on the surface of the base layer 12.

The n-type impurity concentration contained in the base
layer 12 is lower than the n-type impurity concentration con-
tained in the drift layer 11. The n-type impurity concentration
contained in the drift layer 11 is not less than 1x10'° (atoms/
cm?).

In the semiconductor device 2, the gate electrode 22 is
provided via the gate insulating film 21 in the trench 20 that
penetrates the source layer 13 and the base layer 12 to reach
the drift layer 11.

In the semiconductor device 2, a p-type semiconductor
layer 12p is provided from the surface of the drift layer 11 to
an inside thereof. A top end of the semiconductor layer 12p is
connected to the base layer 12. The semiconductor layer 12p
is pillar-shaped. Since the semiconductor layer 12p is pillar-
shaped, the drift layer 11 adjacent to the semiconductor layer
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12p is pillar-shaped. The semiconductor device 2 includes a
super junction structure in which the pillar-shaped drift layer
11 and the pillar-shaped semiconductor layer 12p are alter-
nately periodically arranged on the drain layer 10.

In the semiconductor device 2, the p-type contact layer 15
is selectively provided on the surface of the base layer 12 so
as to be adjacent to the source layer 13. The contact layer 15
is located above the semiconductor layer 12p. The p-type
impurity concentration contained in the contact layer 15 is
higher than a value obtained by subtracting the n-type impu-
rity concentration contained in the base layer 12 from the
p-type impurity concentration contained in the base layer 12.

The drain electrode 50 is connected to the drain layer 10.
The drain electrode 50 is electrically connected to the drift
layer 11. The source electrode 51 is electrically connected to
the source layer 13 and the contact layer 15.

In the semiconductor device 2, since the super junction
structure is provided, a depletion layer can be extended in a
direction substantially parallel to the major surface of the
drain layer 10 from an interface between the p-type semicon-
ductor layer 12p and the n-type drift layer 11. As a result of
this, the depletion layer formed in the drift layer 11 easily
extends. Consequently, the semiconductor device 2 has a high
breakdown voltage.

In the semiconductor device 2, since the depletion layer
formed in the drift layer 11 easily extends, the n-type impurity
concentration contained in the drift layer 11 can be set to be
high. For example, in the semiconductor device 2, even if the
n-type impurity concentration contained in the drift layer 11
is setto be not less than 1.0x10"® (atoms/cm?), it is possible to
deplete the whole drift layer 11. Since the drift layer 11 has a
high concentration, a resistance of the drift layer 11
decreases.

As described above, in the semiconductor device 2, simi-
larly to the semiconductor device 1, in a case where the n-type
impurity concentration contained in the drift layer 11 is not
less than 1.0x10'° (atoms/cm>), the n-type impurity concen-
tration contained in the base layer 12 is set to be lower than the
n-type impurity concentration contained in the drift layer 11.
As a result of this, the mobility of the channel does not
decrease, and increase of the channel resistance can be sup-
pressed.

In the embodiment, although the case has been described
where the first conductivity type is the n type, and the second
conductivity type is the p-type, a case can also be imple-
mented where the first conductivity type is the p-type, and the
second conductivity type is the n-type.

In addition, in the embodiment, a formation process of the
super junction structure can be implemented even when any
process is used, such as a process of repeating ion implanta-
tion and buried crystal growth, and a process of changing an
acceleration voltage.

Hereinabove, exemplary embodiments of the invention are
described with reference to specific examples. However, the
invention is not limited to these specific examples. Namely,
an example made by appropriately changing the designs of
these specific examples by one skilled in the art is also
included in the scope of the embodiment as long as the
example has a feature of the embodiment. Each component
included in the above-mentioned each specific example, and
arrangement, materials, conditions, shapes, sizes, etc. of the
component are not limited to the illustrated ones, and they can
be changed appropriately.

In addition, each component included in the above-men-
tioned each embodiment can be combined with each other as
long as technically feasible, and combinations of the each
component are also included in the scope of the embodiment
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as long as they include the feature of the embodiment. More-
over, since one skilled in the art can consider various types of
changed examples and modified examples in the category of
the embodiment idea, it is understood that the changed
examples and modified examples also belong to the scope of
the embodiment.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modification as would fall within the scope and spirit of the
inventions.

What is claimed is:

1. A semiconductor device comprising: a drift layer of a

first conductivity type;

a base layer of a second conductivity type provided on the
drift layer;

a source layer of the first conductivity type selectively
provided on a surface of the base layer;

a gate electrode contacting the source layer, the base layer,
and the drift layer via a gate insulating;

a semiconductor layer of the second conductivity type
connected to the base layer and extending into the drift
layer;

a drain electrode electrically connected to the drift layer;
and

a source electrode electrically connected to the source
layer, wherein:

an impurity concentration of the first conductivity type
contained in the base layer is lower than an impurity
concentration of the first conductivity type contained in
the drift layer;

the impurity concentration of the first conductivity type
contained in the base layer is lower than an impurity
concentration of the first conductivity type contained in
the semiconductor layer; and
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the impurity concentration of the first conductivity type
contained in the drift layer is not less than 1x10*° (at-
oms/cm®),

an impurity concentration profile through the drift layer
and the semiconductor layer along a first direction from
the drain electrode toward the source electrode has a first
portion in which impurity concentration of the first con-
ductivity type is constant and not less than 1x10*° (at-
oms/cm’) and a second portion in which impurity con-
centration of the first conductivity type is decreasing
along the first direction from the drain electrode toward
the source electrode and less than 1x10'¢ (atoms/cm?),

the first portion is between the second portion and the drain
electrode along the first direction, and

the first portion extends for a first distance along the first
direction and the second portion extends for a second
distance along the first direction that is less than the first
distance.

2. The device according to claim 1, wherein:

a contact layer of the second conductivity type is selec-
tively provided on the surface of the base layer so asto be
adjacent to the source layer;

an impurity concentration of the second conductivity type
contained in the contact layer is higher than a value
obtained by subtracting the impurity concentration of
the first conductivity type contained in the base layer
from an impurity concentration of the second conduc-
tivity type contained in the base layer; and

the contact layer is connected to the source electrode.

3. The device according to claim 1, wherein the drift layer
and the semiconductor layer are arranged alternately to form
a super junction structure.

4. The device according to claim 1, wherein the first con-
ductivity type is n type and the second conductivity type is p
type, or the first conductivity type is p type and the second
conductivity type is n type.

5. The device according to claim 2, wherein the contact
layer is aligned with the semiconductor layer along a direc-
tion orthogonal to a layer plane of the base layer.

6. The device according to claim 1, wherein the gate elec-
trode has a trench gate type structure.

#* #* #* #* #*



